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ABSTRACT 
Estimates of population size and other demographic parameters may be biased 
if capture probability is not equal among all members of the population. However, 
differences in the capture probability of black bears (Ursus americanus) due to 
trapsite location and long-term mark-recapture studies have not been investigated. 
Thus, the focus of my research was to determine the influence of habitat 
characteristics on trap heterogeneity and determine the effects of long-term trapping 
on the trap response of black bears in Great Smoky Mountains National Park 
(GSMNP). 
v 
Using existing geographical information system (GIS) habitat use models for 
black bears, I determined relative probabilities of occurrence of bears (RPOB), for 
both males and females, around black bear trapsites used from 1989 to 1993 . I used 
logistic and multiple regression to separately test for relationships between capture 
parameters (sex and age structure, visitation rate, trapnights/capture, and 
trapnights/recapture) and local- and landscape-level RPOBs. The sex and age 
structure of captured bears were not related to RPOB (P � 0. 42 and P > 0. 12 ,  
respectively). Local-level models showed no relationships between the capture 
parameters and RPOB (P � 0.09) , whereas landscape-level models showed a positive 
relationship with visitation rate (P < 0.01) .  These results suggested that habitat 
characteristics at a landscape level were more related to visitation than characteristics 
at the local-level. Although RPOB was related to visitation rate, the models had low 
Vl 
predictive power, suggesting that other factors such as social interactions, presence of 
bait, or trap experience also may influence capture parameters. Trap heterogeneity 
bias does not seem related to RPOB, and likely has only a minimal affect on estimates 
of demographic parameters. 
To determine the extent of trap response bias due to learning, I analyzed the 
effects of long-term trapping on capture parameters from 1976- 1993 using analysis 
of variance. Visitation rate increased over time (P < 0.001) and may have been 
related to either an increase in population size or trap response bias due to learning. 
An increase in the number of visits/capture over time (P < 0.001), combined with a 
constant percentage of recapture (P > 0.05), further suggested trap response bias. 
Experienced bears may make more visits to a trapsite before they are captured than 
do unexperienced bears. The sex of captured bears was biased towards males, but did 
not change over time (P = 0.355), indicating that any trap response bias was similar 
for both sexes. Changes in the age structure of captured bears over time likely 
reflected changes in the population and were not related to a strong trap response bias 
in any age class. I suggest that the effect of learning by black bears on capture 
probability can be minimized if relatively long sampling periods are used each year 
and, during the sampling period, modifications to the trap set are made. Capture 
success remained constant early in the 14-night sampling period then gradually 
decreased the last few nights (P = 0.008). A sampling period shorter than 14 nights 
may considerably decrease the number of captures of experienced bears. 
Future research on trap heterogeneity bias should use multivariate methods to 
vii 
relate capture parameters to the RPOBs for males and females simultaneously and 
should investigate the influence of other factors and habitat characteristics on capture 
parameters. Future research on trap response bias due to learning should further 
investigate trends in the capture parameters within the sampling periods. 
Additionally, the influence of other factors (i.e. , population trends, weather, and food 
availability) on trap response should be investigated. 
viii 
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INTRODUCTION 
The black bear (Ursus americanus) distribution in the Southeast currently is 
less than 10% of the historic range and, in some areas, populations are becoming 
increasingly exploited (Maehr 1984). The fragmented distribution is mostly a result 
of increased human population densities and the associated development, along with 
historical unregulated exploitation (Pelton 1982). As a result of the reduced range 
1 
and relatively small population sizes associated with the fragmented distribution, black 
bear populations now require more intensive management than ever before. 
Population management is an integral part of wildlife management and models 
are often used to predict harvest levels and population trends (Caughley 1977). 
Intensive mark-recapture studies are being conducted on many black bear populations 
in the Southeast; this information is often used with those population models for 
determining future management goals. Black bears have low reproductive rates; 
therefore, even slight miscalculations in management actions may be irreversible 
(Pelton 1982), particularly in small populations. The results of those management 
decisions often can be assessed only with reliable estimates of population size and 
other demographic parameters (Garshelis 1993). Caughley (1977) noted that equal 
capture probability among animals was one assumption of mark-recapture studies that 
often is violated and may considerably bias estimates of population size and other 
demographic parameters. 
Differences in capture probability due to trapsite location, or due to the effects 
2 
of continuous, long-term trapping have not been previously studied for black bears. 
Data collected from over 25 years of black bear research in GSMNP and the 
availability of GIS data allowed for the investigation of both. The following 2 studies 
represent an attempt to identify potential trap heterogeneity bias in black bear capture 
parameters due to differences in habitat characteristics around trapsites and trap 
response bias associated with long-term trapping. Identification of potential sources 
of bias in the capture probability of black bears may enable researchers to refine 
procedures used to estimate population size and other demographic parameters and, 
thus, aid in the future management of the species. 
PART I 
THE EFFECTS OF ECOLOGICAL FACTORS ON TRAP RESPONSE BY BLACK 
BEARS IN GREAT SMOKY MOUNTAINS NATIONAL PARK 
4 
INTRODUCTION 
Prior to European settlement, black bears (Ursus americanus) ranged across 
the entire forested regions of North America (Hall 1981). The present distribution of 
black bears in the Southeast is less than 10% of the historic range and the remaining 
habitat is becoming increasingly fragmented in some areas, largely due to human 
development (Maehr 1984). 
During the late 1960's, the need for baseline data on black bears for future 
management became evident. Although some populations of black bears in the 
Southeast were suspected to be declining, or even in danger of extirpation, the status 
of most populations was largely unknown. As a result, continuous monitoring of the 
relatively unexploited population of black bears in Great Smoky Mountains National 
Park (GSMNP) by the University of Tennessee started in 1968 and continues to 
present. Most recently, demographic data compiled during these studies was 
summarized by McLean (1991) and, following that, A. Coley (Univ. Tenn., pers. 
commun.) investigated various methods of population estimation and the biases 
associated with each. 
Management decisions for wildlife populations are often based on estimates of 
population size and other demographic parameters (Caughley 1977). Some mark­
recapture techniques for population estimation are based on the assumption that all 
individuals in the population have the same probability of capture. Bias in population 
estimates related to this assumption often is attributed to trap response (i.e., "trap-
5 
happy" or "trap-shy") by individual animals. Pollock et al. (1990) defined trap 
response as variation in the probability of capture in any sample due to the animal's 
prior history of capture. Additionally, Pollock et al. (1990) noted that estimates of 
demographic parameters may be biased by trap heterogeneity. They defined trap 
heterogeneity as variation in capture probability due to factors such as age, sex, social 
status, or "territory" location in relation to trap position. Differences in the relative 
probability of occurrence of black bears (RPOB) around trapsites may also contribute 
to trap heterogeneity bias. 
By linking GIS data and known black bear locations, van Manen (1994) 
developed models predicting the relative probability of habitat use for black bears. 
To determine trap heterogeneity bias, I linked known trapsite locations from this 
study with van Manen's (1994) models to determine the RPOB around trapsites, as 
predicted by habitat characteristics. 
Information on trap heterogeneity may be important to identify bias in 
estimates of demographic parameters. With this knowledge we may be able to refine 
procedures for estimating those parameters to minimize bias. For example, if a 
certain sex or age group of bears is more likely to be captured in a particular habitat 
type, trap placement could be adjusted to reduce that bias. Conversely, knowledge of 
trap heterogeneity biases could also be important to researchers if capture of a 
particular subset of the population is desired. The effect of trap heterogeneity bias on 
black bear captures has not been studied, but is suspected to result in more captures 
of black bears at trapsites located in areas with higher RPOBs. 
6 
Objectives of this research are to determine the relationship between the RPOB 
at black bear trapsites and the (1) age and sex structure of black bears captured at 
those trapsites and (2) bear capture parameters (i.e., visitation rate, capture success, 
and recapture success) at those sites. Specifically, these relationships will be explored 
by testing the following hypotheses: (1) male bears are more likely to be captured at 
trapsites with higher RPOBs for males and, conversely, are less likely to be captured 
at trapsites with higher RPOBs for females, (2) older, more established and dominant 
bears are more likely to be captured at trapsites with higher RPOBs for males and 
females, and (3) capture parameters are greater at trapsites with higher RPOBs for 




GSMNP was established in 1934 and encompasses 2,072 km2 (207,301 ha) in 
North Carolina and Tennessee (Fig. 1. 1). The study area is in the northwest quadrant 
of GSMNP and is approximately 520 km2 (50,607 ha) in size. Traplines consisting of 
6 to 9 trapsites were established along backcountry trails throughout the study area. 
The following traplines were included in the analyses: Curry Mountain Trail, Green 
Camp Gap Trail, Lumber Ridge Trail, Sugarlands Mountain Trail, Bote Mountain 
Road, Turkey Pen Mountain Trail, Rabbit Creek Road and Parson's Branch 
Road/Bunker Hill Road (Fig. 1 .2). These traplines were selected because they were 
used from 1989 to 1993; because of their recent use, the trapsites on each trapline 
could be accurately located. 
Soil and Topo�:raphy 
The Great Smoky Mountains are part of the Unaka Mountain Range of the 
Blue Ridge Province of the Southern Appalachian Highlands (Fenneman 1938) . The 
main ridge of the mountain chain runs from northeast to southwest and forms the 
Tennessee-North Carolina border. Steep ridges separated by narrow valleys, created 
by fast moving streams, extend out from the main ridge (King and Stupka 1950). 
More than 90 % of the study area has slopes of > 10% (Anonymous 1902). 
Elevations in the study area range from 230 m where the Tellico and Little Tennessee 
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rivers intersect to 2,025 m at Clingman's Dome (Pelton et al. 1980) . The majority of 
the study area is located at elevations > 760 m and is accessible by foot trails, with 
only a few improved and unimproved roads at lower elevations. 
Rock formations found in the study area are classified in the Ocoee Series of 
the late Precambrian and are composed of the Snowbird, Great Smoky, and Walden 
Creek Groups. Parent materials contain feldspar, phyllites, schists, shale, slate and 
quartz (King et al. 1968). The predominant soil types are broadly categorized in the 
Ramsey association, with the mountain slopes primarily in the Ramsey series and the 
lower elevations in the Jefferson series (Soil Survey 1945 , 1953) .  Soils of these 
series are generally characterized by low fertility, low water storage capacity, medium 
to high acidity, and susceptibility to erosion. 
Climate and Precipitation 
Thomthwaite (1948) described the climate as a warm-temperate rain forest. A 
variety of microclimates are evident as a result of the varying elevations, aspects, and 
topography (Shanks 1954a, Stephens 1969). Precipitation ranges from 140 em/year at 
lower elevations to over 220 em/year at the highest elevations (Stephens 1969). 
Normally, July is the wettest month, with September or October the driest (Dickson 
1960). Snowfall occurs an average of 6.75 days/year at lower elevations and 25.9  
days/year at higher elevations. 
Temperatures generally decline about 4° C per 1 , 000 m rise in elevation. 
Average annual temperatures vary from 14° C at elevations < 450 m to go C at 
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elevations > 1 ,900 m. The lowest temperatures occur in February and the warmest 
temperatures occur in July or August (Stephens 1969,  U. S. Dept. Commerce 1972) .  
Dense and diverse plant life are the result of a wide array of  elevation, 
precipitation, topography, and aspects. More than 1,300 flowering plants, including 
131  native trees, and > 2,400 non-flowering plants, including 50 ferns and fern allies, 
230 lichens, 330 mosses and liverworts, and 1 ,  800 fungi can be found in GSMNP 
(King and Stupka 1950) . King and Stupka (1950) considered the Smoky Mountains 
the eastern United States' richest botanical area, excluding the Florida peninsula. The 
vegetation classification by Shanks (1954b) is the simplest and most widely used 
(Table 1 . 1) .  Shanks (1954b) listed 6 broad forest types and 2 non-forest types. 
Spruce-fir forest, dominant at higher elevations, is primarily located in the 
southeast corner of the study area. Northern hardwood forests primarily occur above 
1 ,400 m on mesic slopes and in coves. Below 1 , 1 00 m, hemlock forests are found 
along streams and sheltered slopes, whereas above 1 ,540 m, this forest type is found 
on exposed slopes and ridges and usually has a dense, heath, undergrowth (Shanks 
1954b) .  Closed oak forest types are found in sub-mesic to xeric sites at middle and 
lower elevations (Shanks 1954b) .  The common understory plants are huckleberry 
(Gaylussacia spp.), blueberry (Vaccinium spp.), and greenbrier (Smilax spp.). Open 
oak-pine forest types mainly occur on dry, exposed, rocky sites, generally at lower 
elevations (Shanks 1954b) .  Huckleberry and blueberry, often along with mountain 
Table 1 .1 .  Forest types and the important tree species in each, Great Smoky 
Mountains National Park (Shanks 1954b) .  







Yellow poplar (Liriodendron tulipifera) 
Eastern hemlock (Tsuga canadensis) 
Yellow buckeye (Aesculus octandra) 
Silverbell (Halesia carolina) 
American beech (Fagus grandiflora) 
Yellow birch (Betula alleghaniensis) 




Fraser magnolia (Magnolia frasen) 
American beech 
Sugar maple (Acer saccharum) 
Yellow buckeye 
Yellow birch 
Mountain maple (A. spicatum) 
Chestnut oak (Quercus prinus) 
White oak (Q. alba) 
Black oak (Q. velutina) 
Northern red oak (Q. rubra) 
Pignut hickory (Carya glabra) 
Mockernut hickory (C. tomentose) 
Sourwood (Oxydendrum arboreum) 
Black locust (Robinia psuedoacacia) 
Pitch pine (Pinus rigida) 
Scarlet oak (Q. coccinea) 
Virginia pine (P. virginiana) 
Table mountain pine (P. pungens) 
Sassafras (Sassafras albidum) 
Red spruce (Picea rubens) 
Fraser fir (Albies frasen) 
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laurel (Kalmia latifolia) , form a dense, continuous understory. The broadest of the 
classifications is cove hardwood. These mesic forests are found in coves or on 
sheltered slopes at lower to middle (below 1 ,370 m) elevations (Shanks 1954b) . An 
extremely dense understory of rhododendron (Rhododendron spp.) and mountain 
laurel may be present. 
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Heath balds, grassy balds, and pastoral fields are non-forest types that make 
up small portions of the study area. Heath balds are dense, treeless, thickets 
primarily composed of rhododendron and mountain laurel. These balds occur on 
exposed ridges at elevations above 1 , 300 m. Grassy balds are scattered along the 
high elevation ridges of the Tennessee-North Carolina border. Pastoral fields (7. 3  
km2 in size) are maintained as a historical site by the National Park Service in Cades 
Cove. 
Fauna 
Although not as diverse as the flora, the fauna are also well represented. 
Linzey and Linzey (1971) identified 59 species of mammals found in GSMNP, nearly 
half of which are rodents. Additionally, Linzey and Linzey (1971) identified 6 
species of mammals which have probably been extirpated from the park. Along with 
black bears, large mammals found in GSMNP include white-tailed deer ( Odocoileus 
virginianus) and European wild hog (Sus scrofa) . Recently, the river otter (Lutra 
canadensis) and the red wolf (Canis rufus) , have been reintroduced to GSMNP. In 
addition to the mammalian fauna, over 200 species of birds (King and Stupka 1950) , 
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130 species of reptiles, 39 species of amphibians, and 70 species of fish are found in 
the study area (National Park Service 1980). 
Land Use History 
Two distinct periods of logging occurred in the Great Smoky Mountains prior 
to 1934 and the establishment of GSMNP (Lambert 1961). From 1880 to 1900, 
logging primarily consisted of selective cutting (largely higrading) in the lower, easily 
accessible areas. By the early 1900's, most of the land in the study area had been 
acquired by logging companies. During this second period, large-scale logging was 
the rule. Railroads and mechanized logging technology made large expanses of forest 
accessible, and clear cutting became the prevalent logging practice (Lambert 1961). 
Even with the extensive logging that occurred from 1900 to 1934, parts of GSMNP 
were untouched and remain in virgin forest. In addition, numerous cull trees, not cut 




Black bears were trapped for 10- to 14-day periods per trapline from late May 
through August, 1989 to 1993, with spring-activated foot snares (Aldrich Animal Trap 
Co., Clallam Bay, WA) using standardized techniques (Johnson and Pelton 1980a). 
Bears were sedated with a 20:10:2 mg/ml mixture of ketamine hydrochloride 
(Ketaset) (Aveco Co., Inc. , Fort Dodge, lA), xylazine hydrochloride (Rompun) 
(Miles Inc., Shawnee Mission, KS), and mepivacaine hydrochloride (Carbocaine) 
(Sterling Drug Inc., New York, NY). Bears were sexed and tagged using 
standardized procedures (Johnson and Pelton 1980b). The first premolar tooth was 
extracted, sectioned, and stained for aging (Eagle and Pelton 1978). Ages were 
assigned according to Willey (1974); bears �4 years of age were considered adults. 
GIS Modelin�: 
van Manen (1994) used Earth Resources Data Analysis System ([ERDAS] 
1990) (ERDAS, Inc., Atlanta, GA) geographic information system (GIS) coverages to 
identify habitat characteristics, and used multivariate methods to evaluate 11 habitat 
variables as they related to bear use. To select the variable subset(s) that best 
described habitat use, van Manen (1994) used several model selection criteria. Using 
the logistic regression equation of the best fitting models, the relative probability of 
habitat use by bears was measured based on those habitat characteristics (van Manen 
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1994). If this value was close to 1, the relative probability of use of the associated 
habitat type was > expected compared to random use. If this value was close to 0 
the relative probability of use was < expected compared to random use. As such, 
van Manen (1994) developed separate GIS coverages for overall female and male 
relative probabilities of habitat use and for seasonal relative probabilities of habitat 
use by females. Separate models were necessary because there appeared to be some 
resource partitioning or exclusion by bears based on sex (van Manen 1994). I 
selected 3 GIS coverages for my analysis: the overall female relative habitat use 
coverage, the overall male relative habitat use coverage, and the female-summer 
relative habitat use coverage. These models were selected to reflect overall male and 
female habitat use and to reflect habitat use by females during the summer months 
when trapping was taking place. In this study, I will refer to values of the relative 
probability of habitat use as the relative probability of occurrence of black bears 
(RPOB) and will use that as a measure of habitat quality as it relates to trapping 
results. 
Universal Transverse Mercator (UTM) coordinates for each trapsite within the 
study area were determined with an altimeter, compass, and U. S. Geological Survey 
topographic maps. I used the ERDAS GIS at the Cooperative Park Studies Unit; 
Department of Forestry, Wildlife, and Fisheries; University of Tennessee, to obtain a 
value for the RPOB at each trapsite. First, I created a GIS coverage of all the 
trapsite locations. I used an ERDAS procedure (GRDPOL) which assigned the UTM 
coordinates of the trapsite locations to a grid of 90- x 90-m pixels. Next, I 
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superimposed this trapsite coverage on van Manen's (1994) 3 GIS habitat use 
coverages with the OVERLAY procedure in ERDAS so that each trapsite was linked 
to each habitat model. Each pixel value then represented the RPOB for a 0.81-ha 
area centered on the trapsite. I will refer to these values as the RPOB at the local 
level (Fig. 1.3). 
I also used ERDAS to obtain the RPOB for the area within a 10-pixel radius 
(945 m, 280.5 ha) around each trapsite. I arbitrarily chose this distance to represent 
habitat characteristics on a landscape scale. An area larger than this would have 
resulted in little variability in the RPOB among trapsites, whereas an area smaller 
than this would not have adequately represented landscape scale habitat 




I determined visitation rates, capture success, recapture success, age structure 
of captured bears, and sex structure of captured bears at black bear trapsites for 1989 
to 1993 using existing data sets at the University of Tennessee. These data and the 
RPOB data were combined into a single database to facilitate analysis. I used 
Statistical Analysis System (SAS) software (SAS Inc. Cary, NC) (SAS Institute Inc. 
1989) to conduct statistical tests. The level of significance was P < 0.05 for all 
statistical tests. 
Landscape Level (280.5 ha) 
945 m 90m 
I Local 
level (0.81 ha) 




I used logistic regression to test the hypothesis that the sex of captured bears 
was related to the RPOB for that sex (e.g., male captures were more likely at 
trapsites with higher male RPOBs and less likely at trapsites with higher female 
RPOBs). I tested for these relationships at both the local level and the landscape 
level. The Wald chi-square statistic was used to test the fit of all models (Hosmer 
and Lemshow 1989). 
Age Structure 
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After testing for normality, I used linear regression to test the hypothesis that 
older, more established and dominant bears were more likely to be captured at 
trapsites with higher RPOBs (Ott 1988). I tested for this relationship at both the local 
level and the landscape level. 
To compare the age structure of captured black bears among different RPOB 
values, I separated ages into 3 classes; <4 years (sub-adults), 4 - 8.5 years (young 
adults), and > 8.5 years (old adults). Likewise, I classified the RPOB for the local 
level into 3 groups; 0.01 - 0.33, 0.34 - 0.66, and 0.67 - 1.00, and used the chi-square 
test of independence to compare the age structure of captured bears among the 
different classes of RPOB values (Ott 1988). For the landscape-level analysis, the 
range of RPOB values was not great enough to create 3 classes. Therefore, to 
compare the age structure of captured black bears and the RPOB at the landscape 
level, I classified these RPOB values into 2 groups; 0.01 - 0.50 and 0.51  - 1.00, and 
used the chi-square test of independence (Ott 1988). 
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Capture Parameters 
Daily activity at each trapsite was recorded as one of the following: no 
activity, bear capture, bear robbery (trapsite visited by a bear but not resulting in a 
capture), bear escape, other animal activity, or disturbed by humans. Bear captures, 
bear robberies, and bear escapes were considered bear visits. 
I calculated visitation rate as the number of black bear visits per total number 
of trapnights (nights that traps are set with potential for capture). Capture success, a 
measure of trapping efficiency, was expressed as the number of trapnights per bear 
capture (Grinnell 1914, Jonkel and Cowan 1971). Similarly, recapture success was 
expressed as the number of trapnights per bear recapture. I will refer to visitation 
rate, capture success, and recapture success as capture parameters. 
I pooled all 5 years of daily activity observations for each trapsite and 
calculated the capture parameters; thus, each trapsite was assigned single visitation 
rate, capture success, and recapture success values for the entire period. After testing 
the capture parameters for normality, I used linear regression to test the hypotheses 
that visitation rate, capture success, and recapture success were greater at trapsites 
with higher RPOBs (Ott 1988). I tested for these relationships at both the local level 




From 1989 to 1993, 3,497 trapnights at 61 different trapsites on 8 traplines 
resulted in 249 captures of black bears (99 female, 149 male, 1 unreported); 86 
(35%) were recaptures. Individual trapsites were visited by bears during 60.4% of 
the trapnights. An average of 14.0 trapnights was required per capture. Recaptures 
occurred at 45 of the original 61 sites (74%) and an average of 40.6 trapnights was 
required for 1 recapture. The RPOBs at the local level averaged 0.41, 0.44, and 0.56 
(female-summer, female, and male, respectively; range = 0.01 - 0.95) and the 
RPOBs at the landscape-level averaged 0.36, 0.40, and 0.56 (female-summer, female, 
and male, respectively; range = 0.08 - 0.91). 
Sex Structure 
No relationships were found between the sex of captured bears and RPOBs at 
the local-level (P > 0. 72) or the landscape level (P � 0.42) (Appendix A). Thus, 
the hypothesis that the sex of captured bears was related to the RPOB for each sex 
was rejected. Separate capture statistics for each sex were unnecessary because 
differences in the capture probabilities of each sex were not related to differences in 
the RPOBs among trapsites. 
An Structure 
Bears captured from 1989 to 1993 averaged 5.71 years of age (females: 
x = 6.37, n = 94, range = 1.5 - 14.5; males: x = 5.27, n = 142, 
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range = 0.5 - 20.5). No relationships were found between the ages of captured bears 
and the RPOBs at the local-level (P � 0.12) or the landscape-level (P � 0.33) 
(Appendix A). Additionally, the age structure of captured bears was not different 
among low, medium, or high classes of the RPOBs at the local level (female: 
X2 = 3.13, 4 df, p = 0.54; male: x_2 = 0.32, 2 df, p = 0.85; female-summer: 
X2 = 3.74, 4 df, P = 0.44) or between low and high classes of the RPOBs at the 
landscape level (female: x? = 0.31, 2 df, P = 0.86; male: x_2 = 0.15, 2 df, 
p = 0.93; female-summer: X2 = 1. 71 ' 2 df, p = 0.43). Thus, the hypothesis that 
older bears were more likely to be captured at trapsites with higher RPOBs was 
rejected. 
Capture Parameters 
No relationships were found between the 3 capture parameters and local-level 
RPOBs (visitation rate: P � 0.13, capture success: P > 0.09, recapture success: 
P � 0.27). Similarly, capture success and recapture success were not related to the 
landscape-level RPOBs (P � 0.29 and P � 0.19, respectively). Conversly, 
visitation rate was directly related to the landscape-level RPOBs for the female and 
female-summer models (P � 0.01, If = 0.13 and P < 0.01, R2 = 0.13, 
respectively), but was not related to the landscape-level RPOB for the male model 
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RPOBs for the female and female-summer models are weak and explain little 
variation in the data. With the exception of the female and female-summer visitation 
rate models at the landscape level, the hypotheses that capture parameters were 
greater at trapsites with higher RPOBs were rejected. 
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DISCUSSION 
Sex and age structure, visitation rate, capture success, and recapture success 
showed no relationships with RPOBs at the local level (0.81 ha). Black bears are 
highly mobile animals and are considered habitat generalists (Pelton 1982). van 
Manen (1994) speculated that the high number of variables in his habitat models 
reflected the complexity of black bear habitat use. The RPOBs at the local level 
likely did not reflect this complexity. Because local-level values represented an area 
of only 0.81 ha centered on each trapsite, they may have been too site specific to 
accurately predict black bear occurrence. Consequently, trap heterogeneity among 
trapsites may be more easily distinguished using landscape-level RPOBs. 
At the landscape level, visitation rate showed a positive relationship with the 
RPOB for the female and female-summer models; RPOBs at the landscape level 
seemed to better predict black bear occurrence than RPOBs at the local level. 
Landscape-level RPOBs, representing an area of 280.5 ha centered on each trapsite, 
may better reflect the complexity of black bear habitat use. The female and female­
summer models may have been positively related to visitation rate, whereas the male 
model was not, because of differences in home range sizes. Rogers (1987) and van 
Manen (1994) reported that female bears usually have smaller home ranges than 
males. Because female home ranges are smaller, the female models may have been 
better able to predict if a female bear was close enough to the trapsite to smell the 
bait and, thus, visit the trapsite. Finally, van Manen (Univ. Tenn., pers. commun.) 
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indicated that the female models in his study were probably better predictors of 
occurrence because a greater number of bears and radio-telemetry locations were used 
to develop the models. 
Although the RPOB of females seemed to influence visitation rate, the models 
did not appear to have great predictive power (Appendix A) . Additionally, models 
for the sex and age structure of captured bears and capture and recapture success did 
not show any relationships with the RPOBs at the landscape level. These models 
suggest that differences in capture probabilities among individual animals, because of 
trap heterogeneity as measured in this study are, at best, minimal. A variety of 
factors, such as the consistency of the capture parameters among trapsites, the 
extrapolation of van Manen's (1994) models, and social interactions among bears, 
may contribute to the poor predictive power of these models. 
Capture parameters for trapsites with lower RPOBs may have been influenced 
by bear activity at adjacent trapsites with higher RPOBs. Trapsites were generally 
placed at 0.8-km intervals along traplines. Pelton (1984) and Garshelis (1990) both 
suggested that visitation to bait stations placed at similarly spaced intervals may not 
be independent because a single bear may take numerous consecutive baits. In this 
study, a lack of independence among trapsites may have contributed to the consistency 
of capture parameters among trapsites; thus, traplines may better reflect independent 
sampling units than trapsites. However, regression analyses showed no relationships 
between the sex and age structures or the 3 capture parameters and RPOBs at either 
the local level or the landscape level when I performed the analyses for entire 
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traplines instead of trapsites (Appendix B). 
The presence of bait temporarily increases bear activity at trapsites, and this 
may occur regardless of the RPOB for the area. van Manen (1994) reported that 
visitation to bait stations varied little regardless of the relative probability of habitat 
use for the bait-station sites. The presence of a high-quality food source at trapsites 
with lower RPOBs may make these sites more attractive to bears. Consequently, 
capture parameters for sites with lower RPOBs may be similar to capture parameters 
for trapsites with higher RPOBs. 
Finally, the consistency of the capture parameters among trapsites may also 
have been influenced by the consistent, long-term study in GSMNP. Long-term 
trapping of essentially the same traplines and trapsites, coupled with a relatively long 
(10-14 night) sampling period each year, may have allowed bears to become 
experienced at raiding trapsites without being captured. The number of visits per 
capture from 1989 to 1993 was higher than during the early years of trapping in 
GSMNP (1976 - 1980: x = 2.7 visits/capture; 1989 - 1993 : x = 9 .2 
visits/capture). Additionally, the number of visits per capture was also considerably 
higher in GSMNP than in studies conducted on other areas which had not been 
subjected to long-term trapping (T. Eason, Univ. Tenn. ,  pers. commun.) .  I suggest 
that this experience at avoiding capture may enable the same bear to visit a trapsite 
numerous times before being recaptured. Multiple visitations by a single bear at a 
trapsite with a lower RPOB may result in capture parameters similar to those at a 
trapsite with a higher RPOB. 
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The RPOB models used in this study were developed from telemetry data 
collected from 1976 to 1982. These models were applied to capture parameters 
compiled from data collected between 1989 and 1993 . van Manen (1994) cautioned 
against extrapolation of his relative probability of habitat use models to other areas 
and time periods. Regression analyses of the capture parameters and the RPOBs for 
trapsites and traplines found only in van Manen's  (1994) study area gave results 
similar to those analyses including all trapsites and traplines. However, extrapolation 
of the RPOB models to the current time period may have contributed to the poor fit 
of the regression models in this study because the social structure of the bear 
population may have changed. A change in the social structure of the population may 
result in habitat use, and thus RPOBs, different from that predicted by van Manen's  
(1994) models because the social interactions among sex and age classes may have 
changed. 
Social interactions among dominant (e.g. , males, old bears) and subordinate 
individuals have been reported in black bear populations in Montana (J onkel and 
Cowan 1971),  Arkansas (Clark 1991) ,  Minnesota (Rogers 1987) and GSMNP 
(Garshelis and Pelton 198 1 ,  Carr 1983 , van Manen 1994) . The relative capture 
probabilities of individuals may be influenced by interactions between dominant and 
subordinate animals, such that subordinate individuals in a given area may have a 
relatively greater probability of capture. This may help to explain why male bears 
were not more likely to be captured than females at trapsites with higher RPOBs for 
males and vice versa, and may also help explain why older bears (dominant 
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individuals) were not captured more often at trapsites with higher RPOBs. 
Finally, the RPOB models used may have been incorrect from the outset. 
Although van Manen's  (1994) original models were validated using a modified 10-fold 
validation procedure (mean sensitivity = 68. 14 % and mean specificity = 66.38%) ,  
these models are essentially a "best guess" at the relationship between black bear 
occurrence and habitat characteristics. Inaccuracies in this parameter could have 
seriously clouded my ability to detect relationships between RPOBs and capture 
parameters. 
Manaa:ement Implications 
The results of this study indicate that trapsite placement, based on the habitat 
characteristics measured, does not seem to bias the capture probability of any subset 
of the population. Similarly, capture success, in general, does not seem biased by 
trapsite placement. Therefore, it appears that, in GSMNP, trapsites may be placed in 
any habitat, within a range of those I studied, without concern of introducing trap 
heterogeneity bias into the sampled population. Consequently, estimates of 
demographic parameters may be made with greater confidence because one potential 
source of bias in the estimates is known to be minimal. 
Because the sex and age structure of captured bears and the capture parameters 
are, at best, only weakly related to the RPOB, the occurrence of any subset of the 
population is difficult to predict using the models tested in this study. Therefore, 
targeting a particular subset of the population for capture through the use of the 
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RPOB models to appears, at best, difficult. 
Future research should use multivariate methods to simultaneously relate 
capture parameters to the RPOBs for both sexes. Interactions between the sexes and 
the occurrence models may have a greater influence on the capture parameters than 
demonstrated by univariate regression. Future research should also investigate the 
influence of weather, food availability, bait, and habitat characteristics not included in 
these models on trap heterogeneity bias. 
PART II 
THE EFFECTS OF TEMPORAL FACTORS ON TRAP RESPONSE BY BLACK 
BEARS IN GREAT SMOKY MOUNTAINS NATIONAL PARK 
3 1  
INTRODUCTION 
Management decisions for wildlife populations often are based on estimates of 
population size and other demographic parameters (Caughley 1977) . Some mark­
recapture techniques for population estimation are based on the assumption that all 
individuals in the population have the same probability of capture, and that probability 
of capture does not change over time. Bias in population estimates related to this 
assumption often is attributed to trap response (i.e. , "trap-happy" or " trap-shy") by 
individual animals. Pollock et al. (1990) defined trap response as variation in the 
probability of capture, in any sample, due to the animals prior capture history. 
Nichols et al. (1984) noted that a permanent trap response bias in the capture 
probability seems likely in many situations. Eberhardt (1969) studied data on the 
frequency of recapture for many small-mammal and bird species and concluded that 
the probability of capture did not appear to be the same for all individuals in the 
population. Although Eberhardt (1969) could not directly link unequal capture 
probability of individual animals to trap response, he concluded that sex and age 
influenced the probability of capture. He also suggested that trap response may be 
the result of a learning process in which animals become "trap-happy" or "trap-shy" 
with experience. 
Black bears are long-lived (Pelton 1982) , intelligent, highly curious animals 
(Bacon and Burghart 1976, Pruitt 1976) . Therefore, black bears may learn to avoid 
capture over time, or become "trap-smart. "  "Trap-smart" individuals may learn to 
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avoid capture once they are at a trapsite, whereas "trap-shy" individuals may simply 
avoid a trapsite altogether. Reduced capture success over time may reflect trap 
response bias due to learning. For example, if a large number of "trap-smart" bears 
are present in the sampling area, these experienced bears may be less likely to be 
captured; thus the assumption of equal probability of capture may be violated. 
Information on trap response by black bears may be important to identify bias 
in estimates of demographic parameters. With this knowledge we may be able to 
refine procedures for estimating these parameters to minimize bias. For example, if 
the capture probability is different among sex or age groups, different trap types or 
techniques may be used to reduce bias. If experienced bears have a lower capture 
probability, this bias may be reduced by lengthening the sampling period each year. 
Therefore, knowledge of the visitation and capture trends over the sampling period 
may provide insight into how long a trapline needs to be used each year to effectively 
sample a population of bears. Alternatively, if trap response bias cannot be reduced, 
estimates of demographic parameters may be adjusted to reflect a capture bias. The 
effect of learning on trap response currently is unknown, but is suspected to result in 
fewer captures of more experienced bears over time and trapping duration (the 
number of consecutive years that a trapline is trapped) . 
Objectives of this research are to determine the relationships between long­
term trapping and (1) changes in the sex and age structure of captured black bears 
over time and trapping duration, and (2) changes in bear capture parameters (i.e. , 
visitation rate, capture success, and percentage of recaptures) over time and trapping 
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duration. Another objective of this research is to determine the relationship between 
within-year sampling periods and changes in bear capture parameters over time. 
Specifically, these relationships will be explored by testing the following hypotheses: 
(1) the percentage of males captured changes over time and trapping duration, (2) 
older bears become more "trap-smart" and, thus, less likely to be captured over time 
and trapping duration, (3) visitation rate increases over time and trapping duration, 
(4) capture success and the percentage of recaptures decreases over time and trapping 
duration, (5) visitation rate increases over the length of the sampling period, and (6) 




Great Smoky Mountains National Park (GSMNP) was established in 1934 and 
encompasses 2,072 km2 (207,301 ha) in North Carolina and Tennessee (Fig. 2 . 1) .  
The study area is in the northwest quadrant of GSMNP and is approximately 520 km2 
(50,607 ha) in size. Traplines consisting of 6 to 9 trapsites were established along 
backcountry trails throughout the study area. The following traplines were included in 
the analyses: Defeat Ridge Trail, Curry Mountain Trail, Green Camp Gap Trail, 
Lumber Ridge Trail, Sugarlands Mountain Trail, Bote Mountain Road, Turkey Pen 
Mountain Trail, Rabbit Creek Road and Parson's  Branch Road/Bunker Hill Road 
(Fig. 2 .2) . 
Soil and Topo&raphy 
The Great Smoky Mountains are part of the Unaka Mountain Range of the 
Blue Ridge Province of the Southern Appalachian Highlands (Fenneman 1938) . The 
main ridge of the mountain chain runs from northeast to southwest and forms the 
Tennessee-North Carolina border. Steep ridges separated by narrow valleys, created 
by fast moving streams, extend out from the main ridge (King and Stupka 1950) . 
More than 90% of the study area has slopes of > 10% (Anonymous 1902) . 
Elevations in the study area range from 230 m where the Tellico and Little Tennessee 
rivers intersect to 2,025 m at Clingman's  Dome (Pelton et al. 1980) . The majority of 
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the study area is located at elevations > 760 m and is accessible by foot trails ,  with 
only a few improved and unimproved roads at lower elevations.  
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Rock formations found in the study area are classified in the Ocoee Series of 
the late Precambrian and are composed of the Snowbird, Great Smoky, and Walden 
Creek Groups. Parent materials contain feldspar, phyllites, schists , shale, slate and 
quartz (King et al. 1968) . The predominant soil types are broadly categorized in the 
Ramsey association, with the mountain slopes primarily in the Ramsey series and the 
lower elevations in the Jefferson series (Soil Survey 1945 , 1953) . Soils of these 
series are generally characterized by low fertility, low water storage capacity, medium 
to high acidity, and susceptibility to erosion. 
Climate rum Precipitation 
Thomthwaite (1948) described the climate as a warm-temperate rain forest. A 
variety of microclimates are evident as a result of the varying elevations, aspects, and 
topography (Shanks 1954a, Stephens 1969). Precipitation ranges from 140 em/year at 
lower elevations to over 220 em/year at the highest elevations (Stephens 1969). 
Normally, July is the wettest month, with September or October the driest (Dickson 
1960) . Snowfall occurs an average of 6.75 days/year at lower elevations and 25 .9 
days/year at higher elevations. 
Temperatures generally decline about 4° C per 1 ,000 m rise in elevation. 
Average annual temperatures vary from 14° C at elevations < 450 m to go C at 
elevations > 1 ,900 m. The lowest temperatures occur in February and the warmest 
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temperatures occur in July or August (Stephens 1969, U. S .  Dept. Commerce 1972). 
Dense and diverse plant life are the result of a wide array of elevation, 
precipitation, topography, and aspects. More than 1 ,300 flowering plants, including 
131 native trees, and > 2,400 non-flowering plants, including 50 ferns and fern allies, 
230 lichens, 330 mosses and liverworts, and 1 ,800 fungi can be found in GSMNP 
(King and Stupka 1950) . King and Stupka (1950) considered the Smoky Mountains 
the eastern United States' richest botanical area, excluding the Florida peninsula. The 
vegetation classification by Shanks (1954b) is the simplest and most widely used 
(Table 2. 1). Shanks (1954b) listed 6 broad forest types and 2 non-forest types. 
Spruce-fir forest, dominant at higher elevations, is primarily located in the 
southeast comer of the study area. Northern hardwood forests primarily occur above 
1 ,400 m on mesic slopes and in coves. Below 1 , 100 m, hemlock forests are found 
along streams and sheltered slopes, whereas above 1 ,540 m, this forest type is found 
on exposed slopes and ridges and usually has a dense, heath, undergrowth (Shanks 
1954b) . Closed oak forest types are found in sub-mesic to xeric sites at middle and 
lower elevations (Shanks 1954b). The common understory plants are huckleberry 
(Gaylussacia spp.) ,  blueberry (Vaccinium spp.),  and greenbrier (Smilax spp.). Open 
oak-pine forest types mainly occur on dry, exposed, rocky sites, generally at lower 
elevations (Shanks 1954b) . Huckleberry and blueberry, often along with mountain 
laurel (Kalmia latifolia) , form a dense, continuous understory. The broadest of the 
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Table 2. 1 .  Forest types and their important tree species in Great Smoky Mountains 
National Park (Shanks 1954b). 







Yellow poplar (Liriodendron tulipifera) 
Eastern hemlock (Tsuga canadensis) 
Yellow buckeye (Aesculus octandra) 
Silverbell (Halesia carolina) 
American beech (Fagus grandiflora) 
Yellow birch (Betula alleghaniensis) 




Fraser magnolia (Magnolia frasen) 
American beech 
Sugar maple (Acer saccharum) 
Yellow buckeye 
Yell ow birch 
Mountain maple (A. spicatum) 
Chestnut oak (Quercus prinus) 
White oak (Q. alba) 
Black oak (Q. velutina) 
Northern red oak (Q. rubra) 
Pignut hickory (Carya glabra) 
Mockernut hickory (C. tomentose) 
Sourwood (Oxydendrum arboreum) 
Black locust (Robinia psuedoacacia) 
Pitch pine (Pinus rigida) 
Scarlet oak (Q. coccinea) 
Virginia pine (P. virginiana) 
Table mountain pine (P. pungens) 
Sassafras (Sassafras albidum) 
Red spruce (Picea rubens) 
Fraser fir (Albies frasen) 
classifications is cove hardwood. These mesic forests are found in coves or on 
sheltered slopes at lower to middle (below 1 , 370 m) elevations (Shanks 1954b) . An 
extremely dense understory of rhododendron (Rhododendron spp.) and mountain 
laurel may be present. 
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Heath balds, grassy balds, and pastoral fields are non-forest types that make 
up small portions of the study area. Heath balds are dense, treeless, thickets 
primarily composed of rhododendron and mountain laurel. These balds occur on 
exposed ridges at elevations above 1 ,300 m. Grassy balds are scattered along the 
high elevation ridges of the Tennessee-North Carolina border. Pastoral fields (7.3  
km2 in size) are maintained as a historical site by the National Park Service in Cades 
Cove. 
Fauna 
Although not as diverse as the flora, the fauna are also well represented. 
Linzey and Linzey ( 1971) identified 59 species of mammals found in GSMNP, nearly 
half of which are rodents. Additionally, Linzey and Linzey (1971) identified 6 
species of mammals which have probably been extirpated from the park. Along with 
black bears, large mammals found in GSMNP include white-tailed deer ( Odocoileus 
virginianus) and European wild hog (Sus scrofa) . Recently, the river otter (Lutra 
canadensis) and the red wolf (Canis rufus) , have been reintroduced to GSMNP. In 
addition to the mammalian fauna, over 200 species of birds (King and Stupka 1950) , 
130 species of reptiles, 39 species of amphibians, and 70 species of fish are found in 
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the study area (National Park Service 1980) . 
Land Use History 
Two distinct periods of logging occurred in the Great Smoky Mountains prior 
to 1934 and the establishment of GSMNP (Lambert 1961). From 1880 to 1900, 
logging primarily consisted of selective cutting (largely higrading) in the lower, easily 
accessible areas. By the early 1900's, most of the land in the study area had been 
acquired by logging companies. During this second period, large-scale logging was 
the rule. Railroads and mechanized logging technology made large expanses of forest 
accessible, and clear cutting became the prevalent logging practice (Lambert 1961). 
Even with the extensive logging that occurred from 1900 to 1934 , parts of GSMNP 
were untouched and remain in virgin forest. In addition, numerous cull trees, not cut 




Black bears were trapped for 10- to 14-night periods from May through 
September, 1976 to 1993 , with barrel traps, trailer-mounted culvert traps, or spring­
activated foot snares (Aldrich Animal Trap Co. ,  Clallam Bay, W A) using 
standardized techniques (Johnson and Pelton 1980a) . In the earlier years, bears were 
immobilized using intramuscular injections of etorphine (M-99) (D-M 
Pharmaceuticals,  Rockville, MD) or phencyclidine hydrochloride (Semylan) 
(BioCeutic Laboratories, St. Joseph, MO) . In later years, bears were immobilized 
with a 20: 10:2 mg/ml mixture of ketamine hydrochloride (Ketaset) (Aveco Co. , Inc. , 
Fort Dodge, IA), xylazine hydrochloride (Rompun) (Miles Inc. , Shawnee Mission, 
KS), and mepivacaine hydrochloride (Carbocaine) (Sterling Drug Inc . ,  New York, 
NY). Bears were sexed and tagged using standardized procedures (Johnson and 
Pelton 1980b) . The first premolar tooth was extracted, sectioned, and stained for 
aging (Eagle and Pelton 1978) . Ages were assigned according to Willey (1974) ; 
bears � 4 years of age were considered adults. 
Data Analysis 
General 
I compiled capture and activity data from 1976 to 1993 into a single database. 
I determined sex structure of the captures, age structure of the captures, and capture 
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parameters for black bear traplines that were trapped for a minimum of 5 consecutive 
years. While trapping effort was similar from 1982 to 1986 as in the other years, 
data were not available for 1982 and 1983; therefore these years were not included in 
the analyses. Data for 1984 to 1986 appeared to be incomplete as only half as many 
observations were present for these years as for the other years; however, these data 
were included in the analyses. 
Variation among years may be influenced, in any given year, by factors such 
as population density, food production and availability, weather, research effort, and 
the number of years that a trapline has been used. With this in mind, I pooled data 
from all traplines according to trapping duration (the number of consecutive years of 
trapping) to better isolate any trap response bias because of learning by bears in the 
capture parameters. If a trapline was used but the data were not available (e.g . , 1982 
and 1983) , trapping duration was assigned continuously to include those years (Table 
2.2).  If a trapline was not used (e.g . , Defeat Ridge, 1980) , trapping duration was 
assigned so that those years were excluded (Table 2.2). Three traplines, Bote 
Mountain, Defeat Ridge, and Sugarland Mountain were first trapped prior to 1976 
when daily activity data were first available. Consequently, values of trapping 
duration for these traplines were assigned according to how long they had been 
trapped prior to 1976 (Table 2.2) .  
Bote Mountain, Defeat Ridge, and Sugarland Mountain were the only traplines 
that were used each year from 1976 through 1993 ; I will refer to these 3 traplines as 
the long-term traplines. Because of the consistency, data from only these long-term 
Table 2.2.  Traplines used for temporal analyses, Great Smoky Mountains National Park, 1976 - 1993 . Values for each 
trapline represent the assigned trapping duration in years. 
Trap line Year 
76 77 78 79 80 8 1  82 83 84 85 86 87 88 89 90 91  92 93 
Bote Mtn. 5 6 7 8 9 10 NA• NA 1 3  14 15 16 17 1 8  1 9  20 2 1  22 
Curry Mtn. 1 2 3 4 5 
Defeat Rdg . 4 5 6 7 NTb 8 NT NT 9 
Green Camp 1 NT NT 2 3 4 5 6 7 8 
Lumber Rdg. 1 2 3 4 5 6 7 
Parson' s  Br . I  
Bunker Hill 1 2 3 4 5 6 NA NA 9 10 1 1  12 13 14 15 16 17 1 8  
Rabbit Creek 1 2 3 4 5 6 7 
Sugarland 
Mtn. 4 5 6 7 8 9 NA NA 12 NA 14 15 16 17 18 19 20 2 1  
Turkey Pen 1 2 3 4 5 6 7 8 9 
• NA = Data not available. 
• NT = Trap line not trapped. 
� � 
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traplines may provide the best insight into changes in the capture parameters over a 
long-term study because year to year variation in the data is represented together with 
long-term trapping durations. 
I conducted all statistical tests using Statistical Analysis System (SAS) software 
(SAS Inc. Cary, NC) (SAS Institute Inc. 1989) . The level of significance was set at 
P � 0.05 for all statistical tests . 
Sex Structure 
Years. To reflect the sex structure of captured bears, I determined the 
percentage of captured bears that were male. After testing for equal variances and 
normality, I used analysis of variance, with a randomized block design, to test the 
hypothesis that the percentage of males captured changed over time (Ott 1988) .  To 
determine patterns of change over time, I tested for differences in the percentage of 
males captured between consecutive years, and for differences in the mean percentage 
of males captured among 4-year classes ( 1976-1979, 1980-1981  and 1984-1985 , 1986-
1 989 , and 1990-1993) and between the first 6 years ( 1976- 198 1) and the last 7 years 
( 1987-1993) of the study. I used these 2 groups (1976 - 1981  and 1987 - 1993) to 
eliminate the years without data ( 1982 and 1983) and the years with limited data 
(1984 to 1986) . Finally, to test for differences in the percentage of males captured 
among traplines, I used Duncan's  multiple range test (Ott 1988) . 
Long-term Traplines. Using data from only the 3 long-term traplines, I used 
the same procedures as above to test the hypothesis that the percentage of males 
captured changed over time. To determine patterns of change over time, I used the 
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same procedures and classes as for the analyses among years. 
Trapping Duration. After testing for equal variances and normality, I used 
analysis of variance, with a randomized block design, to test the hypothesis that the 
percentage of males captured changed over trapping duration (Ott 1988) . To 
determine patterns of change over trapping duration, I tested for differences in the 
percentage of males captured between consecutive years, and for differences in the 
mean percentage of males captured among 5- and 6-year classes of trapping duration 
(1-5 years, 6-1 1  years, 12-17 years, and 18-22 years) and between the first 1 1  and the 
last 1 1  years of trapping duration. Finally, to test for differences in the percentage of 
males captured among traplines, I used Duncan's multiple range test (Ott 1988) . 
Age Structure 
Years. To compare the age classes of captured black bears, I classified ages 
into 3 groups; < 4  years (sub-adults) , 4 - 8.5 years (young adults) , and > 8.5 years 
(old adults) . To test the hypothesis that older bears were less likely to be captured in 
later years of the study, I used the chi-square test of independence to compare the 3 
age classes among consecutive of 2-year and 4-year classes (Ott 1988) .  I also 
compared the age structure of captured bears between the first 6 and the last 7 years 
of the study. Finally, I used the chi-square test of independence to compare the age 
structure of captured bears among traplines (Ott 1988) . 
Long-term Traplines. Using data from only the 3 long-term traplines, I used 
the same procedures as above to test the hypothesis that older bears were less likely to 
be captured in later years of the study. I used the chi-square test of independence to 
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compare the age structure of captured bears among traplines (Ott 1988) . 
Trapping Duration. To test the hypothesis that older bears were less likely to 
be captured in later years of trapping duration, I used the chi-square test of 
independence to compare the 3 age classes among consecutive 2-year and 5- and 
6-year classes of trapping duration. I also compared the age structure of the captures 
between the first 1 1  and last 1 1  years of trapping duration. Finally, I used the chi­
square test of independence to compare the age structure of captured bears among 
traplines (Ott 1988) .  
Capture Parameters 
General. Daily activity at each trapsite was recorded as one of the following: 
no activity, bear capture, bear robbery (trapsite visited by a bear but not resulting in a 
capture) , bear escape, other animal activity, or disturbed by humans. Bear captures, 
bear robberies, and bear escapes were considered bear visits. 
I calculated visitation rate as the number of trapnights with black bear visits 
per total number of trapnights. Capture success, a measure of trapping efficiency, 
was expressed in 2 measures: the number of trapnights per bear capture (Grinnell 
1914,  Jonkel and Cowan 1971) and the number of bear visits per bear capture. 
Visits/capture may be a more accurate reflection of capture success than 
trapnights/capture because it measures success in relation to effort only when bears 
are present. Consequently, visits/capture may reflect trap response bias due to 
learning by bears better than trapnights/capture, which reflects success in relation to 
effort regardless of the presence of bears. 
Finally, to reflect a relative rate of recapture, I determined the percentage of 
recaptures (percentage of captures that were recaptures) . I will refer to visitation 
rate, visits/capture, trapnights/capture, and the percentage of recaptures as capture 
parameters. 
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Years. After testing for equal variances and normality, I used analysis of 
variance, with a randomized block design, to separately test the hypotheses: {1) 
visitation rate increased over time and (2) capture success and the percentage of 
recaptures decreased over time (Ott 1988) .  To determine patterns of change over 
time, I tested for differences in the capture parameters between consecutive years, and 
for differences in the capture parameter means among consecutive 4-year classes and 
between the first 6 and the last 7 years of the study. Finally, to test for differences in 
the capture parameters among traplines, I used Duncan's multiple range test (Ott 
1988) . 
Long-term Traplines. Using data from only the 3 long-term traplines, I used 
the same procedures as above to separately test the hypotheses: (1) visitation rate 
increased over time and (2) capture success and the percentage of recaptures 
decreased over time. To determine patterns of change over time, I used the same 
procedures and classes as for the analyses among years. 
Trapping Duration. After testing for equal variances and normality, I used 
analysis of variance, with a randomized block design, to separately test the 
hypotheses: (1) visitation rate increased over trapping duration and (2) capture 
success and the percentage of recaptures decreased over trapping duration (Ott 1988) .  
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To determine patterns of change over trapping duration, I tested for differences in the 
capture parameters between consecutive years of trapping duration, and for 
differences in the capture parameter means among consecutive 5- and 6-year classes 
and between the first 1 1  and the last 1 1  years of trapping duration. Finally, to test 
for differences in the capture parameters among traplines, I used Duncan' s  multiple 
range test (Ott 1988). 
Sampling Period 
To determine how trap response influenced the capture parameters over the 
course of a 14-night sampling period, I pooled data from all years (1976 -1993) and 
determined the average capture parameter values for each night on each trapline. I 
included data only from those trapsites that had not been prebaited because visits to 
the bait before a trap was set were not reported in the data set and, thus, could have 
biased the capture parameters. Visits/capture and trapnights/capture are not 
appropriate measures for a single night; therefore, I used the percentage of visits 
resulting in a capture and the percentage of trapnights resulting in a capture as the 2 
measures of capture success. 
After testing for equal variances and normality, I used analysis of variance, 
with a randomized block design, to separately test the hypotheses: (1) visitation rate 
increases over the length of the sampling period and (2) capture success decreases 
over the length of the sampling period. To determine patterns of change over the 
length of the sampling period, I tested for differences in capture parameter means 
among 3- and 4-night classes (1-3 nights, 4-7 nights, 8-1 1  nights, and 12-14 nights) 
and between the first 7 and the last 7 nights of the sampling period. Finally, I used 
Duncan's multiple range test to identify differences in the capture parameters among 
traplines (Ott 1988) . 
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5 1  
RESULTS 
Sex Structure 
From 1976 to 1993 (excluding 1982 and 1983) , 679 black bears were captured 
(387 male, 292 female) (57% male) . The sex ratio of all captured bears was 137 
males to 100 females and was different from 1 : 1  (X2 = 13.29, 1 df, P < 0.001), 
however, this ratio was relatively constant throughout the study. The percentage of 
male bears captured was not different among years (F = 1 . 1 1 ,  87 df, P = 0.355) or 
among trapping durations (F = 0.51 ,  87 df, P = 0.975) (Fig. 2.3) .  Similarly, for 
the model including only the 3 long-term traplines, the percentage of males captured 
was not different among years (F = 0.65 ,  46 df, P = 0.821) (Fig. 2.3) .  
Consequently, the hypotheses that the percentage of males captured changed over time 
and trapping duration were rejected. Additionally, the percentage of males captured 
was not different among traplines (F = 0.62,  8 df, P = 0. 755) (Fig. 2.3) .  Separate 
capture statistics for each sex were unnecessary because the capture probability of 
each sex was not related to the year, trapping duration, or trapline of capture. 
� Structure 
Bears captured from 1976 to 1993 (excluding 1982 and 1983) averaged 5 .34 
years of age (females: x = 6.25 ,  n = 292, range = 1 .5 - 2 1 .5 ;  males: x = 4.64, 
n = 387, range = 0.5 - 20.0) . The age structure of all captured bears was not 
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Fig. 2 .3 .  Changes in the percentage of  male black bears captured over different time variables and among traplines, 
Great Smoky Mountains National Park, 1976 - 1993. A. All years. B. Trapping duration. C. All years 
for long-term traplines only. D.  All traplines. Dashed line indicates data not available. 
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captured bears was different among the 4-year classes of years (X2 = 16.24, 6 df, 
P = 0.013) and among the 5- and 6-year classes of trapping duration (X2 = 14.02 ,  
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6 df, P = 0.029). Additionally, the age structure of captured bears differed between 
the first 6 and last 7 years of the study (X2 = 1 1 .04, 2 df, P = 0.004) and between 
the first 1 1  and last 1 1  years of trapping duration (X2 = 6.34, 2 df, P = 0.042) . 
Similarly, for the model including only the 3 long-term traplines, the age structure of 
captured bears was different among the 4-year classes (X2 = 13 .85 ,  6 df, P = 0.03 1) 
and between the first 6 and last 7 years of the study (_X'! = 10.96, 2 df, P = 0.004) . 
Although the age structure of captured bears differed over time and trapping 
duration, the hypotheses that older bears were less likely to be captured in later years 
and trapping durations were rejected. Generally, in later years and trapping 
durations, young-adult bears were captured more often than expected, whereas sub­
adult bears were captured less often than expected; throughout the study, old-adult 
bears were captured in proportion to the expected number. 
Capture Parameters 
From 1976 to 1993 (excluding 1982 and 1983) , 8 , 123 trapnights at trapsites on 
9 different trap lines resulted in 679 captures of black bears; 265 (39. 0 % )  of these 
captures were recaptures. For the 16-year period, trapsites were visited by bears 
4,427 times; 54.5 % of the total trapnights. An average of 6.5 visits and 12.0 
trapnights were required for 1 capture. 
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Years 
All 4 capture parameters (visitation rate, visits/capture, trapnights/capture, and 
percentage of recapture) were different among years (fable 2 .3 ,  Fig . 2.4). However, 
only visitation rate was different among traplines (fable 2 .3 ,  Figure 2.5) . Generally, 
capture parameter means, for 4-year classes, closer together in time were not 
different, whereas those further apart in time were different (fable 2 .4) .  All capture 
parameter means, except the percentage of recaptures, were greater in the last 7 years 
of the study than in the first 6 years (visitation rate: F = 58 .44, 1 df, P < 0.001 ; 
visits/capture: F = 41 .0 1 ,  1 df, P < 0.001 ; trapnights/capture: F = 1 1 .24, 1 df, 
P = 0.001 ;  percent recapture: F = 1 .57, 1 df, P = 0.215) .  Based on the changes 
in the capture parameters over the length of the study, the hypothesis that visitation 
rate increased over time was not rejected. Similarly, the hypothesis that capture 
success decreased over time was not rejected. Conversely, the hypothesis that the 
percentage of recaptures decreased over time was rejected because no consistent trend 
was detected over the length of the study. 
Long-term Traplines 
For the models including data from only the 3 long-term traplines, the capture 
parameters showed the same general trends over time as were detected when data 
from all traplines were included; visitation rate, visits/capture, and trapnights/capture 
were different among years (visitation rate: F = 6.90, 46 df, P < 0.001 ;  
visits/capture: F = 4.95 , 46 df, P < 0.001 ;  trapnights/capture: F = 3 .08, 46  df, 
P = 0.004) (Appendix C) . Only visitation rate was different among traplines 
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Table 2.3 .  Analysis of variance models for capture parameters among traplines and 
years; all traplines, Great Smoky Mountains National Park, 1976 -
1993 . 
Test df F-value P-value 
Visitation rate• 
Model 88 4.45 < 0.001 0.61 
Years 15 5 .80 < 0.001 
Trap lines 8 3 .83 < 0.001 
Visits/ capture 
Model 88 3.26 < 0.001 0.54 
Years 15 3 .70 < 0.001 
Trap lines 8 1 .72 0. 1 10 
Trapnights/ capture 
Model 88 3 .66 < 0.001 0.56 
Years 15 3 .66 < 0.001 
Trap lines 8 1 .79 0.095 
Percent recapture 
Model 87 2.21 0.007 0.44 
Years 15 1 .99 0.062 
Trap lines 8 1 . 83 0.05 1  



















j 30 � 25 e 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 
Year 









' ' ' ' 





j 10 I 
, '  
� 













t t a: 40% ·-




· · · · ·· ·· · ·· · · 
10% �����--._�--���--._�����--._���� 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 
D. Year 
Fig. 2.4 .  Fluctuations in black bear capture parameters over years, Great Smoky Mountains National Park, 1976 -
1993 . A. Visitation rate. B. Visits/capture. C. Trapnights/capture. D. Percentage of recaptures. 











Gr-. camp 'I'urkey Pen Rabbit Creek CUrry Mtn. Defeat Ridge 
Bote Mtn. Sugarland Mtn. 1'11non'I/Bunlcer Lwnber Ridge 
Trap line 
0 I p:-:·>f :-:-:-:1 t;.:-:.:·:t 
Lwnber Ridge CUrry Mtn. Turkey Pen Bote Mtn. Sugarland Mtn. 
Green camp Rabbit Creek Panon'siBunlcer Defeat Ridge 
C. Trapline 
14 
Green camp 'I'urkey Pen CUrry Mountain Rabbit Creek Defeat Ridge 
B. 
80% 
e 60% .a 
!40% 
1 � 20% 
Oo/o 
Lwnber Ridge Bote Mountain Panons'/Bunker Sugarland Mtn. 
Trap line 
Defeat Ridge Panats/Bunker Bote Min Rabbit Creek Curry Min 
Turkey Pen Sugarlond Min Green camp Llmber Ridge 
D. Trapline 
Fig. 2 .5 .  Differences in black bear capture parameters among traplines for models of years, Great Smoky Mountains 
National Park, 1976 - 1993 . A. Visitation rate. B. Visits/capture. C. Trapnights/capture. D. 
Percentage of recaptures. Solid lines indicate traplines that are not significantly different (P � 0.05) . 
VI 
-...1 
Table 2.4. Multiple comparisons of 4-year class means of capture parameters for 
significant models of years•; all traplines, Great Smoky Mountains 
National Park, 1976 - 1993 . 
Year Classes 
Capture Parameters 1976 - 1979 1980 - 1985b 1986 - 1989 
Visitation ratec 0.36 
Visits/ capture 3 .3  a 
Trapnights/ capture 9. 1 a 
Percent recapture 43.0 a b 
• From Table 2.3. 
b Data not available for years 82 & 83. 
c #trapnights/#visits. 
0.50 
6. 1 a 
1 1 .6 a b 
54.7 c 
d Means with the same letters within each capture parameter are not 
significantly different, (P S 0.05). 
0.63 ad 
10.2 b 
17.3 b c 
30.0 a 
1990 - 1993 
0.59 a 
1 1 . 1 b 
2 1 . 8 c 
37.3 b c 
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(Appendix C); Bote Mountain was greater than Parson's Branch/Bunker Hill 
(P � 0.05). Generally, the means of 4-year classes of visitation rate, visits/capture, 
and trapnights/capture closer together in time were not different, whereas those 
further apart in time were different (Appendix C) . Similarly, the means of visitation 
rate, visits/capture, and trapnights/capture were greater in the last 7 years of the study 
than in the first 6 years (visitation rate: F = 88.45, 1 df, P < 0.001 ;  visits/capture: 
F = 50.54, 1 df, P < 0.001 ; trapnights/capture: F = 18. 33 ,  1 df, P < 0.001). 
Based on the changes in the capture parameters, for the 3 long-term traplines, the 
hypothesis that visitation rate increased over time was not rejected. Similarly, the 
hypothesis that capture success decreased over time was not rejected. Conversely, the 
hypothesis that the percentage of recaptures decreased over time was rejected because 
no consistent trend was detected over the length of the study. 
Trapping Duration 
The capture parameters showed the same general trends over trapping duration 
as were detected over years; however, only visitation rate and visits/capture were 
different among trapping durations (F = 2.28, 88 df, P = 0.004 and F = 2.44,  
88 df, P = 0.002, respectively). These 2 capture parameters also were different 
among traplines (Appendix D) . Generally, the means of 5- and 6-year classes of 
visitation rate and visits/capture closer together in time were not different, whereas 
those further apart in time were different (Appendix D) . Similarly, the means of 
visitation rate and visits/ capture were greater for the last 1 1  years of trapping duration 
than for the first 1 1  years (F = 30.02,  1 df, P < 0.001 and F = 29.50, 1 df, 
P < 0.001 ,  respectively) . Based on the changes in the capture parameters, the 
hypothesis that visitation rate increased over trapping duration was not rejected. 
Similarly, the hypothesis that capture success decreased over trapping duration was 
not rejected for visits/capture. However, the same hypothesis was rejected for 
trapnights/capture. The hypothesis that the percentage of recaptures decreased over 
trapping duration was also rejected. Both hypotheses were rejected because no 
consistent trends over the entire length of trapping duration were detected. 
Sampling Period 
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Visitation rate, the percentage of visits resulting in captures, and the 
percentage of trapnights resulting in captures were different among nights (fable 2 .5 ,  
Fig. 2 .6) .  Visitation rate was also different among traplines (fable 2 .5 ,  Fig. 2.  7). 
Visitation rate increased sharply over the first few trapnights and then remained 
relatively constant for the remainder of the sampling period. The percentage of visits 
and trapnights resulting in captures generally were stable for about the first 10 days 
then gradually declined (Fig. 2 .6, Table 2 .6) .  Similarly, the percentage of visits 
resulting in captures and the percentage of trapnights resulting in captures were 
greater for the first half of the sampling period compared with the last half; 
conversely, visitation rate was lower in the first half of the sampling period compared 
with the last half (percent captures/visits: F = 9.55, 1 df, P = 0.003;  percent 
trapnights/visits: F = 4.92, 1 df, P = 0.028; visitation rate: F = 13 .38, 1 df, 
P < 0.001). Based on the changes in the capture parameters, the hypothesis that 
visitation rate increased over the length of the sampling period was not rejected. 
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Table 2.5 .  Analysis of variance models for capture parameters among traplines and 
consecutive trapnights of the sampling period; all traplines, Great 
Smoky Mountains National Park, 1976 - 1993. 
Test df F-value P-value 
Visitation rate• 
Model 137 6.46 < 0.001 0.54 
Days 13  5 .37 < 0.001 
Trap lines 8 8 .06 < 0.001 
Percent capture/visitsb 
Model 136 2 .07 0.008 0.27 
Days 13 2.40 0.007 
Traplines 8 1 .42 0. 196 
Percent capture/trapnightsc 
Model 137 2 .32 0.002 0.30 
Days 13  3 .08 < 0.001 
Trap lines 8 1 . 14 0.345 
• #tra pnigh ts/# visits 
b #ca ptur es/ # visits 
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Table 2.6. Multiple comparisons of 3- and 4-trapnight class means of capture 
parameters for significant models of the sampling period•; all traplines, 
Great Smoky Mountains National Park, 1976 - 1993. 
Trapnight Classes 
Capture Parameters 1 - 3 
Visitation rateb 0.44 
Percent capture/visitsd 0. 14 a 
Percent capture/trapnightse 0.06 a 
• From Table 2.5. 
b #trapnights/#visits. 
4 - 7  
0.58 ac 
0. 15 a b 
0.09 b 
c Means with the same letters within each capture parameter are not 
significantly different, (P S 0.05). 
d #captures/ #visits 
c #captures/#trapnights 
8 - 1 1  
0.61 a b 
0. 12 a b 
0.07 a b 
12 - 14 
0.57 a b 
0.07 
0.04 a 
Similarly, the hypothesis that capture success decreased over the length of 




The sex ratio of captured bears in GSMNP was significantly different from 1 :  1 
with males accounting for an average of 57% of the capture. Similar sex ratios of 
captured bears have been reported in New York (Black 1958) , Washington (Lindzey 
and Meslow 1977) , Alberta (Gunson 1977), and the southern Appalachians (Carlock 
et al. 1983) . The high percentage of male captures may largely be explained by 
behavioral traits (Johnson and Pelton 1980b) . Male black bears normally have larger 
home ranges (Rogers 1987, van Manen 1994) and disperse farther than females 
(Pelton 1982, Rogers 1987), increasing the probability that a male bear will encounter 
a trap. Although males were more likely to be captured, the percentage of males 
captured did not change over time. Therefore, I suggest that trap response bias, due 
to long-term trapping, had a similar effect on both sexes. 
The mean age of captured bears was 5.4 years and adults accounted for 58 % 
of all captures. Similar age structures were reported for bears in North Carolina 
(Collins 1973) and other parts of the southern Appalachians (Carlock et al. 1983) . 
The change in the age structure of captured bears over time was opposite of the 
change expected. In the last half of the study, sub-adult bears were captured less than 
expected and young-adult bears were captured more than expected, whereas in earlier 
years the opposite was true; throughout the study, old-adult bears were captured in 
proportion to the expected number. 
Carlock et al. (1983) suggested that a high percentage of adult animals in a 
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population may indicate that the population is approaching carrying capacity. Two 
density dependent mechanisms of population regulation have been suggested; Kemp 
(1972) reported high cub mortality caused by adult males in a dense population of 
black bears in Alberta, and Bunnell and Tait (1981) reported a high dispersal rate for 
sub-adults. Similarly, in GSMNP, McLean (1991) reported high cub mortality, and 
Beeman (1975) and Garshelis and Pelton (1981) reported high sub-adult dispersal 
during the years of this study. Either of these events may result in a lower 
percentage of sub-adult captures simply because fewer sub-adults would be found in 
the study area. Consequently, changes in the age structure of captured bears over the 
course of this study seem to reflect changes in the population and do not seem related 
to trap response bias associated with different age classes. 
All 4 capture parameters (visitation rate, visits/capture, trapnights/capture, and 
percentage of recaptures) showed essentially the same trends among years, trapping 
duration, and long-term traplines; this may indicate that data from the 3 long-term 
traplines had a relatively large influence on the trends exhibited over years and 
trapping durations. Data from the long-term traplines likely had a strong influence on 
the trends shown over years; these traplines were used during each year of the study. 
Similarly, data from the long-term traplines likely had a strong influence on the trends 
shown over trapping duration; the last 13 years of trapping duration consisted of data 
from only the 3 long-term traplines. Because they were used consistently throughout 
the study, the long-term traplines may provide the best data with which to model 
changes in the capture parameters over time. Indeed, models using only data from 
the 3 long-term traplines seemed to explain more variation in the data than other 
models (Appendix C) . 
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Because of the influence of long-term traplines; the models including data for 
the entire trapping duration were similar to those models including data from all 
trap lines for all years. Consequently, the desired effect of isolating trap response bias 
was likely achieved only in the first 9 years of trapping duration. Therefore, I tested 
for relationships between the capture parameters and the first 9 years of trapping 
duration; no relationships were evident (Appendix E) . These results may indicate 
that, when isolated, trap response bias does not change over time. However, in the 
capture parameter models among years, changes in the capture parameters were only 
evident over long time periods ( >  8 years); consequently, these short-term models 
( < 10 years) may not adequately reflect changes in the capture parameters over time. 
A possible explanation may be that the capture parameters are not sensitive enough to 
detect small changes in trap response bias; changes in trap response bias detectable by 
the capture parameters may occur only over longer time periods. 
Visitation rate was different among traplines. Green Camp had the highest 
visitation rate, whereas Defeat Ridge had the lowest visitation rate. Because the black 
bear population size was greater in the later years of the study (McLean 1991),  
visitation to Green Camp, which was used only in the later years of the study (1984 -
1993) , may have been greater than visitation to Defeat Ridge, which was used only 
during the early years of the study (1976 - 1984) . 
Visitation rate also increased over time (Fig. 2.4) .  An increase in  visitation 
69 
rate may be the result of an increase in the population size of black bears over the 
course of the study as reported by McLean (1991) and A. Coley (Univ. Tenn. ,  pers. 
commun.) .  In GSMNP, bait-station surveys have been used as indices to determine 
relative changes in population size (Pelton 1984, Garshelis 1990) . In this study, each 
trapsite may be considered the equivalent of a bait station. Johnson (1982) reported 
that an increase in the number of bait stations visited often is correlated to an increase 
in population estimates. Similarly, increased visitation to trapsites in this study may 
be related to an increase in the population size. Indeed, for the years 1984 to 1992, 
visitation rate to trapsites was correlated to the percentage of bait stations visited in 
the northwest portion of GSMNP (R = 0.8 1 ,  P = 0.009) (Fig. 2 .8) .  
The increase in  visitation rate over the course of the study may also be related 
to trap response bias. Visitation rate and visits/capture were correlated (R = 0.75 ,  
P < 0.001), suggesting that changes in these 2 capture parameters were 
proportionately similar. Assuming that all other factors remained constant over time, 
an increase in the population size may result in an increase in both the number of 
visits and the number of captures. If the rate of increase for visits and captures is 
equal, one would not expect an increase in the number of visits/capture; however, the 
number of visits/capture did increase over time and trapping duration. In the last half 
of the study, a greater proportion of bears had been captured and exposed to long­
term trapping than in the first half of the study; therefore, in the later years of the 
study, a greater proportion of the population may have been experienced, or 
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Fig. 2 . 8 .  Fluctuations in the percentage of visits to black bear trapsites and bait-stations over years, Great Smoky 




the same time, more likely to visit a trapsite multiple times. Correlation analysis 
indicated changes in visits/capture and visits/recapture were proportionately similar 
(R = 0.82,  P = 0.001); this suggests that an increase in the number of visits/capture 
may be the result of "trap-smart" bears avoiding recapture for longer periods of time 
(increased visits/recapture) . Consequently, a growing proportion of " trap-smart" 
bears in the population, over the course of this study, may have contributed to the 
increase in the number of visits/capture and a related increase in the visitation rate 
over both time and trapping duration. 
Assuming that the number of visits/recapture increased over time because of a 
trap response bias due to learning, one would expect the percentage of recaptures to 
have decreased over time. Indeed, the number of visits/recapture increased over time 
(from 12.4 visits/recapture in the first half of the study to 33.9 visits/recapture in the 
last half of the study) , however, the percentage of recaptures did not change. 
Consequently, I suggest that "trap-smart" bears often avoid capture until a trap is 
modified; thus, experienced bears are still captured, but only after multiple visits to a 
trapsite. 
Trap response bias also seems to influence capture success over the 14-night 
sampling period. The percentage of visits resulting in capture generally decreased at 
the end of the sampling period. I hypothesize that during the first few nights of the 
sampling period, a greater number of inexperienced bears may be captured; thus, a 
greater percentage of visits result in captures. Later in the sampling period, after the 
less experienced bears were captured, " trap-smart" bears may have visited traps 
multiple times before being captured; thus, a lower percentage of visits resulted in 
captures. 
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The increase in visitation over the first few nights of the sampling period 
likely was in response to the presence of a bait which may attract bears from the 
surrounding area. Once the scent of the bait is established, the scent may continue to 
attract bears throughout the sampling period. Although capture success decreased 
later in the sampling period, visitation rate remained constant; this may indicate that, 
over time, some bears became so experienced that they were rarely captured in 14  
nights. Therefore, I suggest that bears may have become experienced due to a 
combination of the relatively long sampling periods used, and the long-term study in 
GSMNP. Old bears, because of their age, are likely the most experienced subset of 
the population; this may partially explain the relatively low number of old-adult bears 
captured during this study. 
Mana�:ement Implications 
The results of this study indicate that trap response bias by black bears seems 
to exist; capture success decreased and visitation rate increased over time. Evidence 
of these trends became apparent only when data from long periods of time ( > 8 years) 
were analyzed. Additionally, data from the 3 long-term traplines seemed to influence 
models of the capture parameters for years and trapping duration; this suggests that 
consistent, long-term, trapping may provide the best data for establishing trends in 
trap response bias. Similarly, within-year sampling periods of consistent length, 
conducted in the same locations at the same time each year, may also provide better 
data for establishing trends in trap response bias by reducing undesired variability in 
the data from factors such as food availability. 
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While older, "trap-smart" , bears likely have a lower capture probability than 
younger, inexperienced, bears, trap response bias may not have had a large influence 
on estimates of demographic parameters in GSMNP because relatively long sampling 
periods were used. Long sampling periods allowed for numerous modifications of the 
trap, which likely resulted in more captures of experienced bears. Consequently, trap 
response bias may have been reduced. Sampling periods shorter than 1 1  nights likely 
would have resulted in considerably fewer captures of "trap-smart" bears. Sampling 
periods longer than 14 nights may lead to more captures of experienced bears; 
however, the extra effort required to do so may outweigh the benefits. 
Although the relatively long sampling periods used in this study may have 
reduced the influence of trap response bias on estimates of demographic parameters, 
these estimates are likely still biased. Unfortunately, the subsets of the population 
that are most influenced by trap response bias from long-term trapping cannot be 
pinpointed by the results of this study. Therefore, estimates of demographic 
parameters, calculated from data collected in long-term studies such as this one, may 
be biased due to differences in trap response by different subsets of the population. 
Future research should investigate changes in the capture probabilities of sex 
and age classes of captured bears and changes in the percentage of recaptures within 
14-night sampling periods. Knowledge of changes in the capture probabilities of these 
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subsets of the population over the length of the sampling period may help to identify 
those subsets which most exhibit trap response bias. Future research should also 
attempt to identify other variables that may influence trap response bias (e.g. , weather 
patterns and food availability) . 
SUMMARY 
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1 .  The effect of trap heterogeneity bias on black bear captures had not 
previously been studied, but was suspected to result in more captures of black bears at 
trapsites located in areas with higher relative probabilities of occurrence of black 
bears (RPOBs) . Objectives of the research in Part I were to determine the 
relationship between the RPOB at trapsites and (1) the age and sex structure of black 
bears captured at those trapsites and (2) black bear capture parameters (i.e. , visitation 
rate, capture success, and recapture success) at those sites. 
2. I used ERDAS GIS to obtain RPOB values for each black bear trapsite 
used between 1989 and 1993. RPOB values were determined from existing GIS 
models,  developed by van Manen (1994) , predicting male, female, and female­
summer relative habitat use. The RPOBs were determined for areas of 0 .81  ha and 
280.5 ha centered on each trapsite to represent local- and landscape-level habitat 
characteristics, respectively. Local-level RPOBs averaged 0.4 1 ,  0.44 ,  and 0.56 
(female-summer, female, and male, respectively;  range = 0.01 - 0.95) and the 
landscape-level RPOBs averaged 0.36, 0 .40, and 0.56 (female-summer, female, and 
male, respectively; range = 0.08 - 0.91) .  
3 .  From 1989 to 1993 , 3 ,497 trapnights, at 61 different trapsites on 8 
traplines, resulted in 249 captures of black bears (99 female, 149 male, 1 unreported) ;  
86 (35 %) were recaptures. Individual trapsites were visited by bears during 60.4% of 
the trapnights. An average of 14.0 trapnights was required per capture. Recaptures 
occurred at 45 of the original 61 sites (74%) and an average of 40.6  trapnights was 
required for 1 recapture. 
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4. The hypothesis that the sex of captured bears was related to the RPOB for 
each sex was rejected. No relationships were found between the sex of captured 
bears and RPOBs at the local-level (P � 0. 72) or the landscape level (P � 0.42) . 
These results suggest that trap heterogeneity bias is similar for each sex. 
5 .  The hypothesis that older bears were more likely to be  captured at trapsites 
with higher RPOBs was rejected. No relationships were found between the ages of 
captured bears and the RPOBs at the local-level (P � 0. 12) or the landscape-level 
(P � 0.33) . These results suggest that trap heterogeneity bias is similar among bears 
of all ages. 
6. No relationships were found between the 3 capture parameters and local­
level RPOBs (visitation rate: P � 0. 13 ,  capture success: P � 0.09,  recapture 
success: P � 0.27) . Because of the complexity of black bear habitat use, local-level 
RPOBs may have been too site specific to accurately predict bear occurrence. 
Consequently, trap heterogeneity among trapsites may be more easily distinguished 
using landscape-level RPOBs. 
7. The hypotheses that capture success and recapture success were greater at 
trapsites with higher RPOBs were rejected. Capture success and recapture success 
were not related to the landscape-level RPOBs (P � 0.29 and P � 0. 19, 
respectively). Conversely, the hypothesis that visitation rate was greater at trapsites 
with higher RPOBs was not rejected for the female and female-summer models. 
Visitation rate was directly related to the landscape-level RPOBs for the female and 
female-summer models (P � 0.01 , R2 = 0. 13  and P < 0.01 , R2 = 0. 13 ,  
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respectively) ,  but was not related to the landscape-level RPOB for the male model 
(P = 0.20) . Because female home ranges are smaller, the female models may have 
been better able to predict if a female bear was close enough to visit the trapsite. 
Additionally, the female models may have been better predictors of occurrence 
because a greater number of bears and radio-telemetry locations were used to develop 
those models. 
8. Although the female RPOBs seemed to influence visitation rate, the models 
did not appear to have great predictive power. Additionally, the sex and age structure 
of captured bears and capture and recapture success did not show any relationships 
with the RPOBs. These results suggest that differences in capture probabilities, 
because of trap heterogeneity as measured in this study are, at best, minimal. 
9. Capture parameters were similar among trapsites; this consistency may 
have contributed to the poor predictive power of the models. Factors such as a lack 
of independence among trapsites, the presence of bait at trapsites, and the consistent, 
long-term study in GSMNP, may have contributed to the low variability of capture 
parameters among trapsites. Extrapolation of van Manen's (1994) models to a 
different time period and different capture probabilities of individual bears associated 
with social interactions may also have contributed to the poor predictive power of the 
models. 
10.  Because sex and age structure and capture parameters are, at best, only 
weakly related to the RPOB, the occurrence of any subset of the population is difficult 
to predict using the models tested in this study. Therefore, management implications 
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are that trapsites may be placed in nearly any habitat without concern of introducing 
trap heterogeneity bias into the sampled population. Consequently, estimates of 
demographic parameters may be made with greater confidence because one potential 
source of bias in the estimates is known to be minimal. Targeting a particular subset 
of the population for capture through the use of the RPOB models in this study 
appears, at best, difficult. 
1 1 .  Future research should use multivariate methods to relate capture 
parameters to the RPOBs for both sexes simultaneously. Future research should also 
investigate the influence of weather, food availability, bait, and habitat characteristics 
not included in these models, on trap heterogeneity bias. 
12.  The effect of learning on trap response bias by black bears currently is  
unknown, but is  suspected to result in fewer captures of more experienced bears over 
time. Objectives of the research in Part II were to determine the relationships 
between long-term trapping and (1) changes in the sex and age structure of captured 
black bears over time, and (2) changes in black bear capture parameters (i.e. , 
visitation rate, capture success, and percentage of recaptures) over time. The final 
objective was to determine the relationship between within-year sampling periods and 
changes in black bear capture parameters over time. I used analysis of variance 
models to test for relationships of the above parameters among years, among years for 
3 long-term traplines, and among trapping durations. 
13 .  From 1976 to 1993 (excluding 1982 and 1983) , 8 , 123 trapnights at 
trapsites on 9 different traplines resulted in 679 captures of black bears (387 male, 
292 female) (57% male) ; 265 (39.0  %) of these captures were recaptures. Bears 
averaged 5 .34 years of age (females: x = 6.25 ,  range = 1 .5 - 21 .5 ;  males: 
80 
x = 4.64, range = 0.5 - 20.0). For the 16-year period, trapsites were visited by 
bears 4,427 times; 54.5 % of the total trapnights. An average of 6.5 visits and 12.0 
trapnights were required for 1 capture. 
14. The hypothesis that the percentage of males captured changed over time 
was rejected. The percentage of male bears captured was not different among years 
(F = 1 . 1 1 ,  87 df, P = 0.355) or traplines (F = 0.62, 8 df, P = 0.755). Results for 
the long-term traplines and trapping durations were similar. These results suggest 
that trap response bias, due to long-term trapping, had a similar effect on both sexes. 
15 .  The hypothesis that older bears were less likely to be captured in later 
years was rejected. The age structure of captured bears was different among 4-year 
classes of years (X2 = 16.24, 6 df, P = 0.013). Generally,  in later years young­
adult bears were captured more often than expected, whereas sub-adult bears were 
captured less often than expected; throughout the study,  old-adult bears were captured 
in proportion to the expected number. Similar trends were evident for the 3 long­
term traplines and trapping duration. The age structure of captured bears seemed to 
reflect changes in the population and did not seem related to trap response bias 
associated with different age classes. 
16. Visitation rate and capture success were different among years (visitation 
rate: F = 4.45 , 88 df, P < 0.001; visits/capture: F = 3 .26, 88 df, P < 0.001 ;  
trapnights/capture: F = 3 .66, 88 df, P < 0.001).  Generally, capture parameter 
8 1  
means for 4-year classes closer together in time were not different, whereas those 
further apart in time were different. Similar trends were evident for the 3 long-term 
traplines and trapping duration. Based on changes in the capture parameters over the 
length of the study, the hypotheses that visitation rate increased over time and capture 
success (visits/capture and trapnights/capture) decreased over time were not rejected. 
Conversely, the hypothesis that the percentage of recaptures decreased over time was 
rejected because no consistent trend was detected over the length of the study.  
17. The 3 long-term traplines may have had a relatively large influence on 
trends in the capture parameters exhibited over years and trapping durations. Because 
they were used consistently throughout the study, the 3 long-term traplines may 
provide the best data with which to model changes in the capture parameters over 
time. Indeed, models using data from only the 3 long-term traplines seemed to 
explain more variation in the data than the other models. 
18 .  The increase in  visitation rate over the course of the study may reflect a 
corresponding increase in the population size of black bears. Increased visitation may 
also be related to trap response bias. In the later years of the study, a greater 
proportion of the population may have been experienced due to long-term trapping; 
these " trap-smart" bears may have been less likely to be captured and, at the same 
time, more likely to visit a trapsite multiple times. Indeed, visitation rate and 
visits/capture were correlated (R = 0.75 ,  P < 0.001),  suggesting that changes in 
these 2 capture parameters were proportionately similar. 
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19. Correlation analysis indicated changes in visits/capture and 
visits/recapture were proportionately similar (R = 0. 82, P = 0.001); this suggests 
that an increase in the number of visits/capture may be the result of "trap-smart" 
bears avoiding recapture for longer periods of time. Given that the number of 
visits/recapture increased over time, a decrease in the percentage of recaptures over 
time would be expected; however, the percentage of recaptures did not change. 
Consequently, I suggest that "trap-smart" bears often avoid capture until a trap is 
modified; thus, experienced bears are still captured, but only after multiple visits to a 
trapsite. 
20. Trap response bias also seems to influence capture success over the 
14-night sampling period. Visitation rate and the percentage of visits and trapnights 
resulting in captures were different among nights of the sampling period (visitation 
rate: F = 6.46, 137 df, P < 0.001;  percent captures/visits: F = 2.07, 137 df, 
P = 0.008; percent trapnights/visits: F = 2.32,  137 df, P = 0.002). Based on 
changes in the capture parameters, the hypotheses that visitation rate increased and 
capture success decreased over the length of the sampling period were not rejected. 
Visitation rate increased sharply over the first few nights and then remained 
relatively constant for the remainder of the sampling period; likely due to the 
presence of bait. The percentage of visits and trapnights resulting in captures 
generally was stable for about the first 10 nights then gradually declined. I suggest 
that inexperienced bears may be captured earlier in the sampling period; thus, a 
greater percentage of visits result in captures. Later in the sampling period, "trap-
smart" bears may visit traps multiple times before being captured; thus, a lower 
percentage of visits result in captures. 
83 
2 1 .  Long sampling periods allowed for numerous modifications of the traps, 
which likely resulted in more captures of experienced bears. Consequently, trap 
response bias may have been reduced . Sampling periods shorter than 1 1  nights likely 
would have resulted in considerably fewer captures of " trap-smart" bears. Sampling 
periods longer than 14 nights may lead to more captures of experienced bears; 
however, the extra effort required may outweigh the benefits. 
22. Based on the results of this study, management implications are to collect 
data through consistent, long-term trapping on traplines in the same locations used the 
same time each year; such consistent data may better show trends in capture 
parameters over time. The use of relatively long sampling periods is suggested to 
reduce the influence of trap response bias on the capture probabilities of bears. 
23. Future research should further investigate changes in the capture 
probabilities of various subsets of the population within the 14-night sampling periods; 
this may help determine those subsets which most exhibit trap response bias. 
Additional variables that may influence trap response bias (e.g . , population trends, 
weather patterns, and food availability) should be more thoroughly investigated. 
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Appendix A. Results of regression analyses for local and landscape levels of relative 
probabilities of occurrence of black bears at trapsites. 
92 
Table A. 1 .  Logistic regression of sex structure of captures and relative probability 
of occurrence values at black bear trapsites, Great Smoky Mountains 
National Park, 1989 - 1993 . 
Test 
Sex structure Y£.. 




female + male 




























Table A.2 .  Regression of age structure of captures and relative probability of occurrence values at black bear trapsites, Great 
Smoky Mountains National Park, 1989 - 1993 . 
Local Level• Landscape Levelb 
Test dfC F-value P-value R2 F-value P-value R2 
Age structure Y£.. 
female-summer 1 ,  234 1 .77 0. 1 8  0.01 0.79 0.38 0.00 
female 1 ,  234 2.45 0. 12 0.01 0.26 0.61 0.00 
male 1 ,  234 0.24 0 .62 0.00 0.96 0.33 0.00 
female + male 2, 233 1 .42 0.24 0.01 0 .60 0.55 0.01 
• 0.81 ha 
b 280.5 ha 
" model, error 
\0 w 
Table A.3 .  Regression of capture parameters and relative probability of  occurrence values at black bear trapsites, Great 
Smoky Mountains National Park, 1989 - 1993. 
Local Level• Landscape Levelb 
Test dfC F-value P-value R2 F-value P-value R2 
Visitation rated Y£... 
female-summer (f-s) 1 ,  59 1 . 39 0.24 0.02 8 .69 < 0.01 0 . 13  
female 1 ,  59 2.36 0. 1 3  0.04 9. 17 < 0.01  0. 1 3  
male 1 ,  59 1 .03 0 .31  0.02 1 .67 0.20 0.03 
female + male 2, 58  1 . 57 0.22 0.05 5 .99 < 0.01 0. 17  
Capture successf vs. 
female-summer 1 ,  56 1 . 33 0.25 0.02 0.23 0 .64 0.00 
female 1 ,  56 2.93 0.09 0.05 0 .69 0.41 0.01 
male 1 ,  56 0.60 0.44 0.01 1 . 14 0.29 0.02 
female + male 2, 55 1 . 86 0. 17 0.06 0 .85 0.43 0.03 
" 0.8 1  ha 
b 280.5 ha 





Table A .3 .  (cont.) .  
Test 
Recapture successg vs. 




female + male 
b 280.5 ha 
e model, error 
' #trapnights/recapture 
dfC 



















F-value P-value If 
0.06 0. 19 
0. 1 1  0.75 








Appendix B. Results of regression analyses for local and landscape levels of relative 
probabilities of occurrence of black bears on traplines. 
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Table B. 1 .  Logistic regression of sex structure of captures and mean relative 
probability of occurrence values for black bear traplines, Great Smoky 
Mountains National Park, 1989 - 1993 . 
Test df wald r 
Sex structure Y.£... 
female-summer 1 1 . 67 
female 1 1 . 1 1  
male 1 0. 14 
female + male 2 1 . 32 
• 0.81 ha 










wald r P-value 
0.97 0.33 
0.40 0.53 
1 .08 0.30 
1 .53 0.46 
Table B.2.  Regression of age structure of captures and mean relative probability of occurrence values for black bear traplines, 
Great Smoky Mountains National Park, 1989 - 1993 . 
Test dfC 
Age structure .Y!.. 
female-summer 1 ,  234 
female 1 ,  234 
male 1 ,  234 
female + male 2, 233 
" 0. 8 1  ha 
b 280.5 ha 
• model, error 
Local Level• 
F-value P-value If 
0. 15  0.70 0.00 
0.01 0.91 0.00 
0. 82 0.37 0.00 
0.42 0.66 0.00 
Landscape Levelb 
F-value P-value R2 
0.03 0.88 0.00 
0.02 0.90 0.00 
1 .46 0.23 0.01 
0.73 0.48 0.01 
\0 00 
Table B.3.  Regression analyses of capture parameters and mean relative probability of occurrence values for black bear 
traplines, Great Smoky Mountains National Park, 1989 - 1993. 
Local Level• Landscape Levelb 
Test dfC F-value P-value R2 F-value P-value R2 
Visitation rated vs. 
female-summer 1 ,  6 1 . 16 0.32 0. 16 1 .93 0.22 0.24 
female 1 ,  6 2. 15 0. 19 0.26 1 .93 0.21 0.24 
male 1 ,  6 0.99 0.36 0. 14 0. 17 0.67 0.03 
female + male 2, 5 1 .92 0.24 0.43 1 .02 0.43 0.29 
Capture successr vs. 
female-summer 1 ,  6 0.08 0.79 0.01 0.25 0.63 0.04 
female 1 ,  6 0.53 0.49 0.08 0.39 0.56 0.06 
male 1 ,  6 0.01 0.92 0.00 0.01 0.93 0.00 
female + male 2, 5 0.22 0.81 0.08 0. 16 0 .86 0.06 
• o. 8 l  ha 
b 280.5 ha 




Table B .3 .  (cont.) .  
Test 
Recapture successg vs. 




female + male 
b 280.5 ha 
• model, error 
1 #trapnights/recapture 
dfe 
1 ,  6 
1 ,  6 
1 ,  6 
2, 5 
Local Level• 











0. 1 1  
0. 1 1  
Landscape Levelb 






0. 88 0.00 
0.55 0.06 
0. 83 0.07 
-
8 




Table C. l .  Analysis of variance models for capture parameters among long-term 
traplines and years; Great Smoky Mountains National Park, 1976 -
1993. 
Test df F-value P-value 
Visitation rate• 
Model 46 6.90 < 0.001 0. 80 
Years 15 7.26 < 0.001 
Trap lines 2 4 .23 0.024 
Visits/ capture 
Model 46 4.95 < 0.001 0.74 
Years 15 5 .27 < 0.001 
Trap lines 2 2.90 0.071  
Trapnights/ capture 
Model 46 3 .08 0.004 0.64 
Years 15 3 . 16 0.004 
Trap lines 2 1 .79 0.084 
Percent recapture 
Model 46 1 .45 0. 1 83 0.46 
Years 15 1 .57 0. 145 
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Fig. C. 1 .  Fluctuations in black bear capture parameters over years for long-term traplines only, Great Smoky 
Mountains National Park, 1976 - 1993 . A.  Visitation rate. B. Visits/capture. C.  Trapnights/capture. D.  




Table C.2. Multiple comparisons of 4-year class means of capture parameters for 
significant models of years•; long-term traplines, Great Smoky 
Mountains National Park, 1976 - 1993 . 
Capture Parameters 1976 - 1979 
Visitation ratec 0.31 
Visits/ capture 2.3 a 
Trapnights/ capture 8.0 a 
• From Table C. l .  
b Data not available for years 82 & 83. 
c #trapnights/#visits. 
Year Classes 
1980 - 1985b 1986 - 1989 
0.52 
6.0 a 1 1 .2 b 
10.9 a 16. 1 b 
d Means with the same letters within each capture parameter are not 
significantly different, (P :S; 0.05). 
1990 - 1993 
0.70 a 
1 1 .9 b 
17.8 b 
Appendix D. Summary of capture parameter changes over trapping duration. 
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Table D . 1 .  Analysis of variance models for capture parameters among trap lines and 
trapping duration; all traplines, Great Smoky Mountains National Park, 
1976 - 1993 . 
Test df F-value P-value 
Visitation rate• 
Model 88 2.28 0.004 0.52 
Trapping duration 21  2 .60 0.002 
Trap lines 8 2.93 0.008 
Visits/ capture 
Model 88 2.44 0.002 0.55 
Trapping duration 21  2.50 0.003 
Trap lines 8 5 .42 < 0.001 
Trapnights/ capture 
Model 88 1 .52 0.087 0.43 
Trapping duration 21  1 . 13 0. 344 
Trap lines 8 2.53 < 0.001 
Percent recapture 
Model 87 1 . 3 1  0. 191  0.40 
Trapping duration 21  0.87 0.626 
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Table D.2. Multiple comparisons of 5- and 6-year class means of capture 
parameters for significant models of trapping duration•; all traplines, 
Great Smoky Mountains National Park, 1976 - 1993 . 
Trapping Duration Classes 
Capture Parameters 1 - 5 6 - 1 1  
Visitation rateb 0.45 a 
Visits/ capture 7.6 a 6.8 a 
Percent recapture 32.7 a 48.7 b 
• From Table D . l .  
b #trapnights/#visits. 
c Means with the same letters within each capture parameter are not 
significantly different, (P S 0.05). 
12 - 17 
0.67 b 
1 1 . 1 b 
35.7 a b 
18 - 22 
0.74 b 
12. 1 b 
37. 1 b 
109 
1 10 
Appendix E. Summary of capture parameter changes over the early years of trapping 
duration. 
1 1 1  
Table E. 1 .  Analysis of variance models for capture parameters among traplines and 
early trapping durations (1-9 years) ; all traplines, Great Smoky 
Mountains National Park, 1976 - 1993 . 
Test df F-value P-value 
Visitation rate• 
Model 59 1 .37 0.202 0 .34 
Trapping duration 8 0.49 0. 859 
Trap lines 8 2.33 0.035 
Visits/ capture 
Model 59 4. 10 < 0.001 0.60 
Trapping duration 8 1 . 14 0.359 
Trap lines 8 7.50 < 0.001 
Trapnights/ capture 
Model 59 2.24 0.018 0.45 
Trapping duration 8 1 .40 0.224 
Traplines 8 3 .62 0.003 
Percent recapture 
Model 60 1 . 85 0.055 0.40 
Trapping duration 8 1 .49 0. 190 





10 � o.s 








e .c 8 5' � ·;; 7 > 
6 
Q4 




e .c 22 
i:: 




3 4 s 6 7 8 9 2 
C. Trapping Duration 
B. 
700.4 
e 600.4 .a 
g. 5 S0"-4 
� 







4 s 6 
Trapping Duration 
7 8 
Fig. E. 1 .  Fluctuations in black bear capture parameters over early trapping durations ( 1 -9 years), Great Smoky 
Mountains National Park, 1976 - 1993. A. Visitation rate. B. Visits/capture. C. Trapnights/capture. D. 
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Smoky Mountains National Park, 1976 - 1993 . A. Visitation rate. B. Visits/capture. C.  
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